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Results and Discussion

Observed growth
The mold grew in a logistic pattern with its typical sigmoidal curve (Figure 1) .
The lag phase took 1 day, followed by 10 days of exponential growth. The maximum growth rate was 33 mm/d and the maximum radius was 45 mm. The Figure 2 shows the mold's growth rate during the exponential phase. It th seems consistent with a 4 degree polynomial.
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The growth was at its peak in the 2 day, between the 4 th th th and 5 , and also around the 9 and 10 days. There is a th th notable valley between the 6 and 7 days.
Comparison with the models First, the linear model was compared to the actual growth. A paired test suggests significant differences between them (p = 0.002). The Figure 3 below shows how the linear model would represent F. graminearum's growth for 20 days.
The differences were noticeable, especially during the log phase. The lag phase also showed some discrepancy, as the actual growth started at least one day before what the linear model shows. On the other hand, the curves seemed to get closer as the time passes and finally connected in the beginning of the stationary phase. According to these observations, the linear model was not fit to represent F. graminearum's growth.
Then, the Gompertz model was analyzed (Figure 4) . A paired test also showed considerable differences between it and the actual growth (p < 0.001).
It seemedless representative if compared with the linear model. The Gompertz model seemed very smooth, almost without a lag phase and showing very harmonious transitions between the phases. The stationary phase's onset also took days longer than expected. Thus, this model was not the most adequate to represent F. graminearum's growth.
The last model compared was Baranyi's ( Figure 5 ).
This model did not show enough statistical differences to be regarded as substantially distinct from the observed values (p = 0.28), according to a paired test. They had noticeable discrepancies, especially in the slope variations in the log phase. Baranyi's model also seemed smooth but not as much as Gompertz. Its shapewas somewhere between the two previously analyzed. Yet, besides the considerably irregular shape of the actual growth curve during the log phase, Baranyi's model seemed fit enough to represent F. graminearum's growth. 
Discussion
The logistic pattern was expected, as it is common for biological systems, especially if subjected to confined spaces rich in nutrients (Deacon, 2006) . In this case, the mold stopped growing in size due to the surface area available, rather than nutrient shortage. Once it happens, a color change is noticeable and it is probably a result of nutrient shortage (Cambaza, Koseki, & Kawamura, 2018) .
Neagu and Borda (2013) also studied F. graminearum's growth. Their maximum growth rate was higher (13.5 mm/d) th and the fungus attained its full size at the 8 day. The difference might have been due to their media, enriched with barley and wheat extract, while here the medium is minimal, with yeast extract. Even between different yeast extracts the same molds present different behaviors (Sorensen & Sondergaard, 2014) . The strain might have been another reason for the differences in growth rates, particularly for the case of F. graminearum comprises a polyphyletic group with the distinction between the strains and species still under scrutiny (Goswami & Kistler, 2004) . Unfortunately, Neagu and Borda (2013) did not use the current models and ignored details such as phase distinction, probably because they just wanted to find out how long the mold takes to occupy the entire plate's surface.
The growth rate might be explained by some biological interactions (Deacon, 2006; Madigan, Martinko, & Parker, 2017) . The lag phase consists of adaptation, followed by rapid growth. The following reduction is probably due to signals sent by the first hyphae reaching the plate's borders and facing the first signs of nutrient exhaustion. But it is not a major problem because there are more nutrients underneath the surface. After a re-adaptation to the new situation, they grew some millimeters and finally stopped growing as most reached the borders.
The linear model is certainly the easiest to work with and it is the most widely used (Garcia et al., 2009 ), but it should not be applied for F. graminearum, even for screening purposes. Gompertz should not also be used for the same purpose. Baranyi seems to be the only representative model for F. graminearum's growth among the analyzed. This result agrees with Garcia's opinion on fungal growth (Garcia et al., 2009 ) based on Buchanan's meta-analysis on bacterial growth (Buchanan et al., 1997) .
Conclusion
F. graminearum grows exhibiting a sigmoidal shape. A th 4 degree polynomial regression is fit to predict its growth rate. Further studies may provide more insight at the current observations but as far as this experiment was carried, one shall regard, among size-based models originally developed for bacteria, the Baranyi as the best to represent the growth of F. graminearum and certainly many related fungi.
